To study on irradiation yield, two cultivars, Kennebec and Banba, were irradiated with different gamma doses. One hundred and eight suitable genotypes were selected and they were cultivated in four replications as yield primary test (augmented). Twenty seven different genotypes -in any iteration-along with five commercial varieties (Agria, Kennebec, Banba, Marfona, and Caesar) were cultivated. The mean comparison results for tuber's dry matter showed that clones B20-20, B20-11, and B20-101 in Banba population have 10% advantage more than their primary parents, and about Kennebec population this advantage reaches to more than 5% for clones K25-7, K20-21, and K20-27. The maximum of increasing and decreasing in the tuber's flesh color for Banba population was 25% and 43.5% for clones B20-11 and B20-114 respectively. About Kennebec population this color change was remarkable in clones K20-16, K20-45, and K20-30 (49.2%, 35.2%, and 18.3% respectively). The range of yield change was between 0.04% to 56.7%, in positive side, and 0.05% to 66.2% in negative side. In comparison to their parents, the clones B20-24, B20-122, B20-44, and B20-76 in Banba population, and the clones K20-67, K20-70, K20-71, K20-28, K20-26, K20-30, and K20-47 in Kennebec population had better yield. The results from cluster analysis and coefficient of variations revealed that degree of diversity wasn't considerable among studied population. The different gamma doses had different effects on the varieties of potato, and traits including specific gravity, height, and tuber's dry matter showed least changes but yield and its components presented the greatest variations. It seems that generally irradiation has more negative effect on potato's traits and it is less successful in improvement of traits regarding the potato variety.
Ionizing ray is one of important tools for mutation improvement that leads to higher genetic diversity in plant germplasm 1 . In comparison with spontaneous mutations, induced ones are more useful because such mutations occur in a relative higher frequency and we can use them practically 2 . Mutagenesis by irradiation is used for improvement of some plants including main corps 3, 4 , ornamentals (Mandal et al., Misra et al. 2003) , and fruit trees 5, 6 . The combination of different tissue culture methods (e.g. micropropagation) with irradiation is recommended by International Atomic Energy Agency in order to make genetic changes and to increase quality of vegetative plants 7, 8 . The genomic mutations, structural changes in chromosomes, genic mutations and extranuclear mutations are four kinds of mutations that may occur during mutation inducing in potato 9 . The findings showed that irradiation on the potato's tissues and parts is usually used and the plant parts that mostly were exposed are tubers [10] [11] [12] [13] , in vitro plantlets 11, 14, 15 , and even true potato seeds 16 . At the present time the reports of mutation improvement by irradiation focused on traits such as induced resistance against biotic and abiotic stresses 11, 17, 18 , starch quality 19 , increased performance 14, 15 , the characteristics of tissues and cells 13 and the length of growth period 20 . According to all studies, irradiation may play an important role in improvement of some useful and commercial traits of potato. Investigations shown that gamma irradiation affected on increasing of starch value 8, 15 , amount of reducing sugar, carbohydrates and resistance to diseases 21 , the color of skin and flesh 22 , resistance to Phytophthora 23, 24, 8 , increasing of salinity tolerance 25, 26 , and increasing of heat tolerance 23 . Ahloowalia 27 investigated about possibility of genetic mutation inducing by irradiation in four varieties of potato -Record, Pink, Kerrd, and Redcard Care-and observed some changes including changes in the color of skin and eye, eye-depth, tissue's quality, and tuber's shape. Sonnhno 28 found that by irradiation on single-sprout shoot of Desiree variety some changes occur in tuber size, leaf shape, leaf color, stem color and shape, skin color of tuber, flesh color and tuber texture. After investigation on the effect of various gamma doses (30, 50, 70 , 120 Gy) on the amount of starch and Amylose in sweet potato Shine 15 reported that maximum amount of starch and Amylose is produced under 50 Gy. In order to give the plantlets of Diamant variety diversity of resistance against salinity Sharabash 26 investigated on the effect of various gamma doses (0, 20, 40 Gy) with 2000 and 4000 ppm sodium chloride, and he concluded that 20 Gy is the best dose to this aim. In addition, he reported that in vitro irradiation method leads to higher genetic diversity about tolerance to salinity in potato. van Enckevort et al. 29 after investigation on in vitro irradiated diploid and monoploid potatoes under different gamma doses (0 to 16 Gy) reported that favorable dose is between four and eight . In this experiment 582 resistant plants were selected. To find a resistant variety to Phythophthora, Gosal et al., 23 evaluated on in vitro Kufri Jyoti and Kufri Chundramokhi varieties under 20 and 40 Gy gamma doses and identified that 36% of Kufri Jyoti plants and 42% of Kufri Chundramokhi plants showed resistance to Phythophthora. These samples also were examined for tolerance against heat and the results showed that obtained materials have resistance to heat. Das et al., 11 studied on two commercial varieties, Kufri jyoti and Kufri Chundramokhi, by irradiation of their stems to produce heat-resistant lines. They could to produce heat-resistant lines from the primary parents in this investigation. Cheng et al. [30] performed an investigation to find the effect of gamma ray radiation on physiologic and morphologic feature and chromosomal abnormalities of potato minituber. They exposed the Shepody minitubers to various gamma ray doses (0, 10, 20, 30, 40, 50, 60, 70, 80 Gy) and found that the sprouting ratio (%) in low-doses irradiated minitubers is increased significantly in comparison with other doses. And the plant growth of highdoses irradiated microtubers decreased.
MATERIALS AND METHOD
The plantlets produced from Kennebec and Banba tissue cultures were examined for viruses PVS, PVX, PVY, PLRV, PVA by serology method (ELISA) using ELISA reader in 405nm. The intensity of virus contamination for above viruses was determined by measurement of absorbed light by wells. After detecting healthy plantlets, they were propagated. Sprouts were transferred to gammacell and were irradiated by gamma ray in intensities of 20, 25, 30, 35, 40 , and 45 Gy to find suitable dose according to 50% growth decrease (length of stem). After suitable dose determination, 1000 sprouts were subjected to irradiation by each detected suitable dose. These irradiated sprouts with 20 non-irradiated ones (controls) were transferred to MS environment and microtubers were produced from them after three sub-cultures. The time period between each sub-culture was 40-45 days. The minitubers were produced from the cultivation of microtubers in greenhouse. The produced genotypes were examined to determine their tuber's dry matter, and flesh color, then 108 favorable genotypes were selected and with five controls -Agria, Kennebec, Banba, Marfona, and Caesar-as an augmented design were studied in Seed and Plant Improvement Institute. The genotypes were cultivated in four replications; each repetition includes 27 different clones and 5 similar controls: Agria, Marfona, Kennebec, Banba, and Caesar. The genotypes were cultivated in two 3 meters long rows, 75 Cm between them and 25 Cm on the row. Some traits including number of main stems, diameter of main stem, height of plant, number and weight of tubers, the weight of single tuber, yield, the percent of tuber's dry matter, specific gravity, the amount of reducing sugar, and the tuber's flesh color were examined and registered in the period of growth and after physiological maturity of tubers.
Statistical Analysis
To identify the block effect and determination of its effect on studied traits in clones, at first the simple variance analysis of controls were performed according to the complete randomized block design and data were adjusted for block effect. The F test was conducted according to the mathematical expectation of mean squares. The variance analysis for all studied genotypes was carried out based on the augmented test about the primary and adjusted data.
The cluster analysis based on the mean of standardized data was computed by the method of Ward and the squared Euclidean distance for all traits in order to group the studied clones. Excel 2010, Minitab 16, and SAS 9.1 were used for variance analysis, determination of diversity level, and cluster analysis.
RESULTS AND DISCUSSION

Irradiation
The results from primary examinations showed that although various doses have partial different effects on different potato varieties, but 20 to 25 Gy gamma irradiations lead to better affect in comparison with other doses. The adverse effect from higher doses may be because of chromosomal abnormalities, change in permeability of cell wall, and morphological and physiological damages induced by irradiation. Chetan et al. 31 maintained that more irradiation doses decrease cell wall's permeability and according to their recommendation pretreatment with calcium is a way to relieve the damages from gamma ray irradiation. Cheng et al. 30 stated that the number of cells with chromosomal abnormalities increased with 
Variance Analysis
The results from the simple variance analysis and mean comparison in Table 1 and Table  2 for control samples it is cleared that the block effect on much of traits is significant, therefore data for all traits were adjusted for the block effect with attention to mean deviation of each block from total mean. According to the results of contrast analysis there is a significant difference between genotypes about their traits including tuber's weight per plant, the number of plant's tubers, the mean weight of tuber, the plant's height, the number of main stem per plant, the diameter of main stem, the percent of tuber's dry matter, reducing sugar level, flesh color, and the yield of tuber. This significant difference illustrates a genetic diversity between genotypes which may be produced because of irradiation (Table 3 and Table 4 ). The Rsquare in fitted model for various traits was between 0.97-0.99; it shows that there is a 97% to 99% justification for changes in studied traits. The results from researches by Mousapour Gorji and colleagues 32 on mutants produced by gamma irradiation about traits such as the total yield of tuber, the yield of seed and table tuber, the shape of tuber, skin color, the eye depth, the tuber's dry matter and the presence and the absence of chimera shown that the effect degree of irradiation on the various traits of potato is different and it leads to different diversity levels in different genotypes of potato. Examining 175 genotypes produced from gamma irradiated Caesar variety, Hassanpanah et al. [33] reported that there is a significant difference between genotypes about all studied traits. He also concluded that there is a relatively high diversity for traits such as the yield of tuber, the number and weight of tuber per plant, the average weight of tuber, and the number of plant's main stems.
The findings from mean comparison of studied traits based on adjusted data shown that from 108 genotypes 28 genotypes have tuber's mean weight more than mean weight for controls, and the yield of tuber for 70 genotypes was more than the mean yield of controls. The average weight of tuber was between 22.635 to 231.069 gr, and the average yield of tuber per plant was from 108.65 to 1575.85 gr. Cheng et al. 30 stated that irradiation at lower doses of gamma stimulates tuberization and leads to higher size of tuber, and subsequently increases the yield of tuber. Sonnhno 28 also has reported the change in tuber size and higher yield of tuber after irradiation. Irradiation at suitable gamma doses caused changes in number of tubers per plant, the number of main stems per plant, the mean diameter of main stem and the height of plant. The range of variations of tuber number per plant, main stem per plant, mean diameter of main stem, and height were 2.25-25.15, 1.59-11.11, 4.47-10.31 mm, and 30.16-87 cm respectively. The range of tuber's dry matter was between 10.557-26.162% that the maximum and minimum ones belonged to the clones of B20-129 and K25-7 respectively. Trough comparisons between tuber's dry matters of Banba population and primary parent it is cleared that 27 clones have higher dry matter percent than main parent. This advantage was generally less than 10% except about clones B20-20, B20-11, b20-101, Horizontal axis shows percentage of similarity respectively 12.7%, 12.4%, and 11.6%. Only 17 clones in Kennebec population had dry matter more than primary parent and this strong point was maximum 8%. Out of 17 clones only three clones K25-7, K20-21, and K20-27 had dry matter higher than 5% in contrast with main parent. It is worthy to say that the yield of clones with higher dry matter than primary parent was less than main parent. The range of mean specific gravity was 1.04 to 1.134 and 17 clones had specific gravity higher than mean specific gravity of controls. The ratio of reducing sugar (compared with Agria) for Kennebc variety and 13 clones (6 clones of Banba population and 7 clones of Kennebec population) was less than Agria control, and the rest of clones (95 clones) had higher reducing sugar than Agria. The range of reducing sugar ratio was 0.739-3.552 and its largest and smallest ones were belonged to clones K20-6 and B20-39 respectively (i.e. reducing sugar of clones K20-6 was 3.552 times more than reducing sugar of Agria). And about the color of tuber's flesh, 24 and 38 clones of Banba population had stronger and weaker color than primary parent respectively. The maximum increase and decrease in the tuber's flesh color was about 25% and 43.5% which were happened to clones B20-11 and B20-114 respectively. The number of clones in Kennebec population which have deeper flesh color than primary parent was very less than Banba population and only three clones K20-16, K20-45, and K20-30 experienced more considerable color changes (respectively 49.2%, 35.2%, and 18.3%) and the rest superior clones had the advantage less than 2.4%. The number of clones with flesh color weaker than parent was 35 which their maximum and minimum of variations were 58.7% and 5.2% respectively. According to obtained findings, it seems that irradiation has a higher reverse effect on the variation of flesh color. About the yield of tuber, a higher diversity was observed in the studied population comparing to other studied feature. The range of variations in Banba population was more than Kennebec population, and the yield in 31.7% of clones in the mentioned population was more than primary parent. The range of variations in positive side was from 0.04% to 56.7% and clones with higher yield were B20-24, B20-122, B20-44, and K20-76 respectively. This advantage compare with primary parent was more than 40%. The range of variations in negative side was from 0.05 to 66.2%. In Kennebec population only clones K20-67, K20-70, K20-71, K20-28, K20-26, K20-30, and K20-47 which comprise about 15% of Kennebec population and all were produced from 20Gy gamma irradiated samples shown higher yield than primary parent. This advantage was 3.3% to 9.2% compare with primary parent. The effect of irradiation on the yield in reverse direction was more considerable in Kennebec population and it causes that the yield of about 85% of studied population to be less than primary parent. The range of yield variations in negative side was 2.8% to 90.4%. The effect of irradiation on flesh and skin color was reported by Mousapour Gorji et al. 32, 34 . Ahloowalia 27 affirmed that irradiation can easily change skin color, flesh color, tuber shape, eye depth, and tuber's dry matter. Wang et al. 21 maintained that soluble sugar, carbohydrates level, and resistance to diseases are among traits we can alter them by irradiation. Irradiating single sprout shoots of Desiree variety, Sonnhno 28 found that irradiation causes variations in tuber size, leaf shape, leaf color, stem shape and color, tuber's skin color, flesh color, and tuber texture. Sonnhno 28 stated that irradiation induces variations in tuber size, stem color and shape, tuber's skin color, flesh color, and tuber texture.
Cluster Analysis
The cluster analysis was performed to examine the similarity and difference of genotypes in any population. According to the result from this analysis for the population of Kennebec produced from 20 Gy irradiated samples it is clear that known that clones may be grouped into two groups with 83% similarity (Figure 1 ). Much of clones were classified in one group with the parent and only clones K20-45 and K20-6 placed in another group. There is no difference between Kennebec clones and parent at 79% similarity, and this means that diversity level in population isn't considerable.
The grouping results of diversity levels for Kennebec population produced from 25 Gy irradiated samples were almost similar to that of Kennebec 20 so clones at 81% similarity were clssified into two groups (Figure 2 ). The clone K25-47 lonely is placed in one group and others with primary parent are placed in another group.
From grouping results for Banba population produced from 20 Gy irradiation it is known that similarity between clones is 83%, and all clones with the primary parent were placed into one group (Figure 3) . At 85% similarity, the main parent placed into an independent group and other clones of this population were placed into another group. This means that the primary parent is different from other clones only about 15% of their genetic characteristics. The grouping results for Banba population from 25 Gy irradiation were slightly different from that of former 3 populations, and it is known that primary parent is similar to all produced population for about 68% of feature ( Figure 4 . With only about 20% of dissimilarity, the primary parent, the clones B25-1 and B25-10, and other clones were placed in three independent groups. According to results of cluster analysis we can say that irradiation at suitable gamma doses with environmental effects could induced maximum 20% variation in Kennebec and Banba varieties. Because environment affected many studied traits, and its effect can't be separated from genotype effect, so we can't clearly say that irradiation how much had influence on trait variation in potato.
The Coefficient of Variation
The coefficient of variation was estimated in order to determine the irradiated-caused diversity for each trait ( Figure 5 ), and these results showed that different gamma doses have different effects on various varieties of potato for any studied trait. Specific gravity, height, and tuber's dry matter experienced the lowest variation. The highest variation belonged to yield and its components. Since yield and its components are quantitative traits, so it is a normal matter that higher degree of variations (diversity) belong to them. The observed diversity for Kennebec variety in the population produced from 20 Gy gamma dose was higher than that of 25 Gy. Since the studied population was a selected population not a random one from primary population, the observed diversity can't be directly attributed to radiation dose. About variation in flesh color of Kennebec variety which was the main goal of irradiation, 20 Gy dose was better than 25Gy. Irradiations at 20 and 25 Gy doses led to similar effect on Banba variety about the variation in flesh color. Since the effect of irradiation on the two varieties were different and the level of diversity was small (lower than 26%), we can't only attribute the observed variation in the studied population to irradiation, and human errors (eye assessment of flesh color) and soil quality may play role in this variation. Mousapour Gorji et al. [32] in this regard stated that potato's flesh color is under influence of environmental conditions (weather and soil substrate) and this color for a specific variety in favorable weather conditions is deeper than that of unfavorable weather conditions. Another main goal of irradiation in our project was to vary the dry matter of tuber in Banba variety. According to our findings 20Gy dose led to better outcomes than 25 Gy dose. The maximum estimated coefficient of variation for the percent of tuber's dry matter was about 12% which isn't reliable much. Regarding obtained results, we can conclude that the success degree of irradiation for improvement of various traits of potato is different and generally small.
